Objective: Whole plant of Limnanthemum indicum (Menyanthaceae) is traditionally used for liver disorders. Limnanthemum indicum was investigated for its Anti-hepatotoxic and Antioxidant activity. Materials and Methods: Alcoholic extract of whole plant of Limnanthemum indicum (100, 200, 400 mg/kg, p.o.) was evaluated for its Anti-hepatotoxic and Antioxidant activity in Carbon tetrachloride (CCl 4 )-induced liver toxicity in Rats. The Anti-hepatotoxic activity was assessed from biochemical and histopathological studies. Results:The administration of CCl 4 in rats induced hepatotoxicity which was evidenced by increased levels of Aspartate aminotransferase Alanine aminotransferase, Alkaline phosphatase and total bilirubin and oxidative stress. Pretreatment with Limnanthemum indicum extract significantly protected the liver in Carbon tetrachloride administered rats. Limnanthemum indicum extract significantly elevated antioxidant enzymes like superoxide dismutase, catalase, glutathione, Glutathione peroxidase, Gamma glutamyl Transferase and Glutathione-S-Transferase and decreased lipid peroxidation levels in liver. Histological studies showed that Limnanthemum indicum at 400 mg/kg reduced the hepatocellular damage in CCl 4 treated Rats. Conclusion: Thus the alcoholic extract of Limnanthemum indicum shows good antihepatoxic and antioxidant activity.
INTRODUCTION
Free radicals are generated in cells by environmental factors such as x-rays, pollutants, ultraviolet radiation, as well as by normal metabolism. These free radicals induce Oxidative stress and can lead to injury of cellular membrane and variations in the metabolic processes. Reactive oxygen species (ROS) play an important role in the developme nt of various degenerative human diseases and have been implicated in liver disorders, atherosclerosis, lung and kidney damage, aging and diabetyes mellitus. In liver disorders the ability of the natural antioxidant system is impaired. Carbon tetrachloride (CCl 4 ) is a classic hepatotoxin widely used in various experimental models. CCl 4 induces liver injuries by mediating through the 23-11-2016 formation of its reactive intermediates such as trichloromethyl radical (CCl 3 •) and its derivative trichloromethyl peroxy radical (CCl 3 OO•), produced by cytochrome P 450 of liver microsomes. These free radicals generated react with membrane lipids leading to their peroxidation. 1 Membrane disintegration of hepaocytes with subsequent elevation of marker enzymes Aspartate transaminase (AST), Alanine transaminase (ALT), Alkaline phosphatase (ALP), Lactate dehydrogenase (LDH) and g-glutamyl transferase (g-GT) indicative of hepatotoxicity, centrilobular necrosis and steatosis are some of the histological damages caused by of CCl 4 -induced lipid peroxidation. The intracellular concentration of ROS is a result of both their production and removal by various endogenous antioxidants including both enzymatic and nonenzymatic components. 2, 3 Although a wide range of drugs are currently employed in the management of hepatic disorders. However, alternative approach in recent days is the recent days are the research of medicament from traditional medicinal systems. Inhibition of free radicals is very important in terms of liver pathology. Natural products from the plant kingdom are being investigated as a source of antioxidants as these may have great relevance in the prevention of diseases associated with oxidative stress. 2, 4 Limnanthemum indicum is an aquatic floating herb belonging to the Menyanthaceae family commonly called as water snow flake. 5 It is traditionally used as bitter, febrifuge and antiscorbutic. 6 It is used as a substitute for Swertia chirata for the treatment of fever and jaundice. 7 It has been reported that Limnanthemum indicum contains different sub types of flavonoid.
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It is used as a substitute of Ayurvedic drug Tagara in the treatment of various diseases like epilepsy 9 , anemia, jaundice, tuberculosis. 10 It is reported that the whole plant of Limnanthemum indicum is traditionally used as hepatoprotective. 11 Limnanthemum indicum has been also reported to show a good anti-proliferative activity. 12 To best of our knowledge there was lack of scientific reports available in support of its traditional use as hepatoprotective. Therefore, present study was designed to demonstrate the effect of Alcoholic extract of whole plant of Limnanthemum indicum (LIAE) against CCl 4 induced hepatic damage in experimental animals.
MATERIALS AND METHODS

Chemicals
All the chemicals used were of analytical grade and procured from Sigma chemicals Co., USA and Qualigens fine chemicals, Mumbai, India.
Collection and Authentication
For the study whole plants of Limnanthemum indicum were collected from the local market, Tirunelveli town, Tamilnadu state. It is identified and authenticated by Prof. V.Chelladurai, Botanist, Central council for research in Ayurveda and Siddha, Govt of India, Tirunelveli, Tamilnadu and a voucher specimen was also deposited for future reference.
Preparation of Plant extract
Approximately three kilograms of the whole plant of Limnanthemum indicum was collected and washed in running tap water. Then they were cut into small pieces and dried under shade for about four weeks and finely ground to coarse power in a blender. Initially 150 gms of material was packed into the thimble and 2.5 liters of solvent used for extraction was poured into flask (Round Bottom flask). The soxhlet extraction was performed for 18-24 hours until the collected liquid in siphon tube appears clear. Later the extracted solvent was evaporated under reduced pressure to get dried powder of extract.
Animals
Male Wistar rats weighing (150-200 g) were procured fro Radiant Research Pvt Limited, Bangalore. These animals were housed in a cross ventilated room and 22±2 0 C with light and dark cycles of 12 hr for 1 week before and during the experiments. All studies and performed in accordance with the guideline for the care and use of laboratory animals, as adopted and promulgated by the Institutional animal Ethical Committee, CPCSEA, India (Reg. No.RRPL/06/CPCSEA).
Acute Oral Toxicity Studies
The acute toxicity test was performed according to the Organization of Economic Co-operation and Development (OECD) guideline 423 for testing of chemicals. 13 Female rats were used for the acute toxicity study. LIAE extracts were given up to 2000 mg/kg individually, by oral route using oral feeding needle and the LD 50 values were calculated (OECD-423).
Carbon tetrachloride (CCl 4 )-induced hepatotoxicity
In this study 36 Male Wistar rats are used. Their average weight was 150-200 gms and were divided into 6 groups containing 6 animals in each group. Group I (Normal Control) received 0.5% Sodium CMC for 7 days (p.o). Group II (Toxic Control) received Carbon tetra chloride (CCl 4 + Olive oil in 1:1 ratio; 2 ml/kg of body wt; i.p) on day 1 and day 7. Group III receive Standard drug (Liv-52, 40 mg/kg, p.o) once in a day for 7 days, along with the i.p dose of CCl 4 on day 1 and day 7. Group IV, V, VI received Alcoholic extract of whole plant of Limnanthemum indicum (LIAE) (100 mg/kg, 200 mg/kg and 400 mg/kg b.w) once in a day for 7 days, along with the i.p dose of CCl 4 on day 1 and day 7. On the 8 th day, the blood was collected from each animal and serum was separated by centrifugation. Further serum was used for various biochemical assays. The animals were sacrificed under anesthesia to isolate the liver for histopathological studies.
Assessment of Anti-hepatotoxic activity
The collected blood was allowed to clot and serum was separated at 2500 rpm for 15 min and used for the esti-mation of biochemical parameters like serum enzymes: Aspartate aminotransferase (AST, U/L), 14 Alanine aminotransferase (ALT, U/L), 15 Alkaline phosphatase (ALP, U/L), 16 Total bilirubin (mg/dL) 17 and Total protein (TP, g/dl).
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Assessment of Antioxidant parameters
The dissected out liver samples were washed immediately with ice cold saline to remove as much blood as possible. Liver homogenized (5%) in ice cold 0.9% NaCl with a Potter-Elvenhjem glass homogenizer. The homogenate was centrifuged at 800 for 10 min and the supernatant was again centrifuged at 12,000 for 15 min and the obtained mitochondrial fraction was used for the estimation of Super oxide dismutase (SOD), Catalase (CAT), Lipid peroxidase(LPO), Reduced Glutathione (GSH), Glutathione peroxidase (GPx),Gamma glutamyl Transferase (GGT) and Glutathione -S-Transferase (GST).
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Histopathological studies
For histopathological studies, rats from all the experimental groups were perfused with 10 per cent neutral formalin solution. Liver was removed immediately from the rat; paraffin sections were made and stained by hematoxylin-eosin (H&E). After staining, the sections were observed under light microscope.
Statistical analysis
Statistical differences were assessed by analysis of variance (ANOVA) followed by Tukey test. P < 0.05 was considered statistically significant. All the results were expressed as mean± SEM.
RESULTS
Acute Oral toxicity Studies
The LD 50 value for LIAE was found to be 2000 mg/kg/ oral body weight individually. There was no alteration in gross behavior effects visually when compared with control group animals.
Effect of LIAE on serum AST, ALT, ALP, TB and TP level against CCl 4 induced liver toxicity
The in vivo Anti-hepatotoxic activity of Alcoholic extract of Limnathemum indicum (LIAE) was studied in CCl 4 intoxicated rats at three dose levels (100 mg/kg, 200 mg/kg and 400 mg/kg b.w, p.o) and standard (Liv-52, 40 mg/kg, p.o). Intoxication of rats with CCl 4 (2 ml/kg) significantly altered the biochemical parameters when compared with the normal control rats (P<0.001) compared to normal control (Group I). A significant increase in the level of ALT, AST, ALP, total bilirubin (TB) and total protein (TP) were observed in toxicant induced group. Treatment with Alcoholic extract of Limnathemum indicum (LIAE) at the dose level of 400 mg/kg b.w significantly reduced the levels of ALT, AST, ALP, total bilirubin (TB) and total protein (TP) towards the normal values.
Histopathology
Normal histological structures of hepatic lobules were observed in normal liver (Figure 1 ). Section studied shows normal hepatocytes arranged in lobular pattern around the central veins. 
Assessment of Antioxidant activity
In liver homogenate, there was significant decrease in SOD, CAT, GSH, GST, GGT and GPx levels and increase in LPO levels was observed in animals treated with CCl 4 400 mg/kg (Group II) as compared to the normal control group (Group I). Pretreatment with Alcoholic extract of Limnathemum indicum (LIAE) at a dose of 400mg/kg orally and Liv.52 (40 mg/kg) increase the levels of above parameters like SOD, CAT, GSH, GST, GGT and GPx levels and decrease levels of LPO significantly (P<0.01) whereas Alcoholic extracts of Limnathemum indicum (LIAE) at a dose of 200 mg/kg and 300 mg/kg not changed the above parameters significantly.
DISCUSSION
Any disease/disorder is associated with cell injury due to the generation of free radicals like superoxide anion (O 2 ·), NO radical, NOO·, OH· and H 2 O 2 radical. Free radicals generated damage the cell membrane and cellular constituents like DNA etc. resulting in various pathological conditions. 32 Though the free radicals are generated even in normal physiological conditions and human beings possess the inbuilt natural antioxidant enzymes such as SOD, CAT, GPX, GST, and GGT to scavenge the generated free radicals. However, during prolonged stressful conditions the free radicals produced cannot be handled by our inbuilt mechanisms alone. Even the released free radicals react with the membrane polyunsaturated fatty acid and oxidise them to lipid peroxides. This lipid peroxidation damages membrane protein as well as the lipids. Thereby, the integrity of the membrane is lost. Hence, it is considered that the extent of lipid peroxidation is directly proportional to cell damage. In addition, the free radicals may also attack DNA and causes tissue damage. CCl 4 administration in rats disrupts the membrane permeability of the plasma membrane causing leakage of the enzymes from the cell, which leads to elevation in levels of serum enzymes. It is apparent that the levels of SGPT, SGOT, ALP, total cholesterol, and total and direct bilirubin increased significantly in group treated with CCl 4 comparing to normal control and it is an obvious indication of hepatic insult. Study of any herbal medicine becomes more significant when it ameliorates some diseases conditions. Any compound, natural or synthetic, with antioxidant properties may contribute towards the partial or total alleviation of this type of damage.
In the first part of the investigation, hepatoprotective effects of the ethanolic extract of Limnanthemum indicum (LIAE) was studied based on CCl 4 induced liver hepatitis. The rats were pre-treated with LIAE at three dose levels (100 mg/kg, 200 mg/kg, 400 mg/kg b.w, p.o) for 7 days before challenging them with the CCl 4 (2 ml/kg b.w). The severity of the damage caused to liver is reflected by increase in the level of serum enzymes. 26 Further, the increase in the level of serum enzymes in blood is associated with excessive centrilobular necrosis, cellular degeneration and cellular infiltration of the liver and this is obvious from the hostopathological study. Administration of CCl 4 to toxic control group (Group II) rats markedly increased serum AST, ALT, ALP, total bilirubin and decreased total protein levels. The level of serum enzymes are related to the function of the hepatic cell and increase in there level is attributing to their increased synthesis. 27 The increase in the level of transaminases and alkaline phosphatase enzyme is a clear indication of cellular leakage and loss of functional integrity of the membrane resulting from liver damage. 28, 29 The rise in SGOT, SGPT, ALP, and bilirubin levels induced by CCl 4 administration was significantly reduced by the plant of the present study and this decline was highly significant at higher dose of the extract i.e. 400mg/kg. This study also showed that the effect produced by administration of LIAE (400 mg/kg, b.w, p.o) was comparable with the hepatoprotection offered by the standard drug Liv.52. Hence hepatoprotectiove activity of the plant might be due its effect against cellular leakage and loss of functional integrity of the cell membrane in hepatocytes. In the seocnd phase of the investigation, antioxidant activity of ethanolic extract of Limnanthemum indicum (LIAE) was studied. Elevated levels of LPO was observed in CCl 4 treated rats indicated the excessive formation of free radicals and activation of lipid peroxidation system resulting in liver damage. The significant decline indicates its anti-lipid peroxidative effect in a dose dependent manner. It is possible that trichloromethyl radical or lipid peroxides generated by CCl 4 treatment may be scavenged by the extract resulting in depression of lipid peroxidation in the liver. The antioxidant and free radical scavenging activity of LIAE(400 mg/kg, b.w, p.o) could be due to its constituent flavonoids and phenolic compounds. 43 Glutathione is a major non-protein thiol in living organism and it is capable of preventing damage to important cellular components caused by reactive oxygen species such as free radicals, peroxides, lipid peroxides generated by toxins. 30, 31 Pretreatment with CCl 4 significantly cause reduction in the GSH level and the levels are brought back to normal by LIAE in a dose dependent manner. All the aerobic cells contain Superoxide dismutase (SOD) which is one of the important intracellular antioxidant enzymes that possesses antitoxic effects against superoxide anion.
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Catalase is a hemoprotein and it protects cells from the accumulation of H 2 O 2 by dismutating it to form H 2 O and O 2 or by using it as an oxidant in which it works as a peroxidase. 34 GST is another scavenging enzyme which binds to many different lipophilic compounds.
It acts as an enzyme for GSH conjugation reaction. It catalyses the reaction of hydroperoxides with reduced glutathione to form glutathione disulphide (GSSG) and the reduction product of the hydro peroxide. In the current study, treatment with CCl 4 produced reduction in the levels of SOD, CAT, GPX, GST and GGT and this is a clear manifestation of excessive formation of free radicals and activation of lipid peroxidation of system resulting in tissue damage. All these antioxidants were brought to near normal level (P<0.001) similar to Liv 52 in the concentration dependent manner. The site specific oxidative damage of some of the susceptible amino acids of protein is regarded as the major cause of metabolic dysfunction during pathogenesis. 35 The capacity of liver to synthesize albumin is adversely affected by hepatoxins. The lowered level of total protein recorded in the serum of CCl 4 treated rats can be attributed to the features. Attainment of near normalcy in protein content of serum in CCI 4 +LIAE (400 mg/kg, b.w, p.o) treated rats further confirmed the hepatoprotective effect of Limnanthemum indicum. It has been suggested that the protective effect of plant extracts against CCl 4 -induced liver damage may be attributed to the presence of constituents including flavonoids, tannins, triterpenoids and alkaloids. 36 Flavonoids are known to be antioxidants, free radical scavengers and anti-lipoperoxidants which cause hepato-protection. [37] [38] [39] [40] [41] The hepatoprotective effect of L.indicum against CCl 4 induced liver damage could be attributed in part to its antioxidant effect and free radical scavenging activity, 42 thus, eliminating deleterious effects of toxic metabolites from CCl 4 and inducing liver cell regeneration. In the final phase of the study, histopathological studies were conduceted to further substantiate the protective role of the plant of the present study.
CONCLUSION
Based on the present study, it can be concluded that ethanolic extract of Limnanthemum indicum (LIAE) exhibited potent hepatoprotective activity in a dose dependent manner. It can be further concluded that flavonoids, a polyphenolic derivative could be the major contributory factor in hepatoprotective activity by strengthening the inbuilt antioxidant system. Further isolation of active principles will be advantageous to produce novel bioactive constituents from these extracts, which may possess more significance in the treatment of liver diseases, and to elucidate its exact mechanism of action.
